Salsolinol (1-methyl-6,7-dihydroxy-1,2,3,4-tetrahydroisoquinoline) is a condensation product of the neuroamine, dopamine, with the proximal metabolite of ethanol, acetaldehyde. This compound is of interest because it would be formed from dopamine during alcohol metabolism (1). Although several pharmacological actions of salsolinol-type isoquinolines
have been investigated (2-5), no study has been reported on their biochemical effects. Since monoamine oxidase activities were suggested to be inhibited during the experiment on salsol inol formation from dopamine and acetaldehyde in vitro, effect of salsolinol on the enzyme has been investigated.
Monoamine oxidase activities of rat brain-stem or liver were determined by assaying fluorometrically 5-hydroxyindoleacetic acid using serotonin as substrate. The livers and brains were removed immediately after decapitation. Ten per cent brain-stem homogenates (after removal of the cerebellum and cerebral hemispheres) or 5 per cent liver homogenates were prepared in 0.067 M sodium-phosphate buffer, pH 7.4. Aldehyde dehydrogenase (AD) preparation was obtained by the slight modification of the method of Lovenberg et al. (6) . Incubation mixtures consisted of 0.2 ml of the homogenate (equivalent to 20 mg of brain-stem or 10 mg of liver), 40 /2mol of nicotinamide, 2 Itmol of nicotinamide adenine dinucleotide (NAD), 0.2 ml of AD preparation, 2 /imol of serotonin and indicated amount of salsolinol. Total volume was 2.0 ml at the expense of the buffer. The reactions were initiated by addition of the substrate. Incubations were carried out in test tubes exposed to air in a shaking water bath at 37°C for 30 minutes, and terminated by addition of 2 ml of 0.8 N perchloric acid to the sample. After centrifugation in cold, the supernatant was transferred into a 20 ml beaker, and adjusted to pH 5.0 with 6 N potassium carbonate. After removal of precipitate by centrifugation in cold, the sample was transferred into a 50 ml centrifuge tube, added 0.1 nil of 3 N hydrochloric acid to acidify the sample, and then added 3 g of sodium chloride and 20 ml of ether. The mixtures were shaken for 15 minutes by a mechanic shaker, and 15 ml of organic phase was removed into a 50 ml centrifuge tube containing 3 ml of 0.5 N phosphate buffer, pH 7.0. Fluorescence of the aqueous phase was measured at activation wavelength 295 m1e and fluorescence wavelength 340 m,.a for 5-hydroxyindoleacetic acid production. Activity of aldehyde dehydrogenase was determined by following the rate of formation of reduced NAD fluorometrically (7). The incubation mixtures consisted of 3.33 x 10' M of NAD, 5.6 x 10-5 or 1.67 x 10-4M of propionaldehyde, 1.25 x 10-' to 5 x 10-'M of salsolinol Incubation mixtures consisted of 0.2 ml of the homogenate (equivalent to 20 mg of brain-stem or 10 mg of liver), 40 ftmol of nicotinamide, 2 imol of NAD, 0.2 ml of AD preparation, 2 fmiol of serotonin and indicated amount of salsolinol. Total volume was 2.0m]. in the phosphate buffer, pH 7.4.
Values represent mean of four experiments for brain-stem and that of two experiments for liver. and 0.1 ml of AD preparation. Total volume was 3.0 ml in 0.067 M phosphate buffer, pH 7.4. Because salsolinol turns brown in alkaline solution, almost neutral buffer was used instead of 0.01 M of sodium pyrophosphate, pH 9.6. Incubations were carried out at room temperature (21'C). Since rate of increase in reduced NAD was linear with time for 20 minutes, 15 minute incubation was made for the determination of aldehyde dehydrogenase activity.
Effects of salsolinol on rat brain-stem and liver monoamine oxidase activity are shown in Table 1 . It is evident that the monoamine oxidase activity of rat liver was about 5 times greater than that of rat brain-stem, when 1 mm of serotonin was used as substrate. This value is in agreement with the relative rate of monoamine oxidase activity in these two tissues found by others (8, 9). The monoamine oxidase activity was inhibited by salsolinol. Its inhibition rates increased almost proportional to salsolinol concentrations, and those of rat brain-stem were almost identical to those of rat liver. However, even when salsolinol was added twice as much as serotonin concentration, the inhibition rate was approximately 50 %.
Apparent Michaelis-Menten constant of the rat brain-stem monoamine oxidase for serotonin was found to be 0.33 mm by double reciprocal method, while its apparent Ki of salsolinol was 0.35 mm by Dixon's method. It was also observed that the inhibition by salsolinol was of the competitive type (Fig. 1) . Effect of salsolinol on aldehyde dehydrogenase activity was also examined, because the present method for monoamine oxidase assay includes aldehyde dehydrogenase preparation.
The activity was not modified by salsolinol when 5.6 x 10 or 1.67 x 10-" M of propionaldehyde was used as substrate. Therefore, it is evident that the determination of inhibition rate of monoamine oxidase by the present method does not involve its influence on aldehyde dehydrogenase. During the experiment on salsolinol formation from dopamine and acetaldehyde in vitro, inhibition of monoamine oxidase was suggested. Although it has been reported that acetaldehyde had the inhibitory property of monoamine oxidase (10), possibility of its inhibi tion by salsolinol could not be omitted because substantial salsolinol formation from dopamine occurred in homogenates when acetaldehyde was added.
In the present paper, moderate competitive inhibition of monoamine oxidase by salsolinol was confirmed using serotonin as substrate.
Recently, it has been suggested that salsolinol might be formed during alcohol metab olism (1). This might be more possible in brain because of its poor aldehyde oxidizing capacity (11) . It has been also suggested that the formation of tetrahydropapaveroline.
which is the condensation product of 6,7-dihydroxyphenylacetaldehyde and its parent amine, dopamine, was augmented during alcohol metabolism (12). Moderate inhibition of mono amine oxidase activity by salsolinol might be very helpful to form these condensation products, for these condensation reactions are second order reactions, and inhibition of monoamine oxidase by salsolinol and of aldehyde dehydrogenase by acetaldehyde (13) may increase in dopamine concentration in brain, as well as the case of tyramine metabolism (14).
Monoamine oxidase inhibition in brain has been reported to alter the central nervous activities and these isoquinoline alkaloids were suggested to concern some of the problems of alco holism (1, 12) . Therefore, inhibition of monoamine oxidase by salsolinol during alcohol ingestion might he one of the primary mechanisms of some of the pharmacological and behavioral effects of acute or chronic alcoholism.
